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FOREWORD

This report documents the development of a plastic cartridge case during
the period 1 May 1974 to 30 September 1974 by Brunswick Corporation, Sugar
Grove, Virginia 24375, under Contract No, F08635-74-C-0089 with the Air
Force Armament Laboratory, Eglin Air Force Base, Florida. The Program
Manager for the Armament Laboratory was Major Stephen J, Bilsbury (DLDG).

The Brunswick Corporation Program Manager was Mr. D, E. Cary. Other

Brunswick personnel that contributed to this program include Messrs. D.
Blevins, B. Burkett and J. Y. Richardson, ’

This technical report has been reviewed and is approved for publication.

FOR THE COMMANDER

- ALFRED D. BROWN, JR., Colonel, USAF
Chief, Guns, Rockets § Explosives Division
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INTRODUCTION

This was a joint exploratory development program by the U.S, Air Force
Armament Laboratory and the U,S, Army Armament Command to provide a 25mm
automatic cannon for tri-service application. The program was based on the
utilization of GAU-7/A telescoped ammunition and gun technology to develop
a 25mm cased telescoped cartridge and a high performance rapid fire cannon
without the tri-service operational limitations associated with the GAU-7/A
caseless system. The primary responsibilities of the U.S. Air Force were
the design, fabrication, test and evaluation of the 25mm cartridge. The
cartridge included the plastic cartridge case, the projectile and the pro-
pulsion charge. The U.S. Army was primarily responsible for the design,
fabrication, test and evaluation of critical components and subsystems and
for establishing a design base for the development of a high performance
cannon and associated ammunition feed and storage systems,

The objective of this program was to develop a lightweight, low cost,
all plastic cartridge case which would represent a major advancement in
ammunition technology. The use of cartridge cases which were designed and
produced to exploit the many desirable properties of non-metallic materials
would provide the Air Force with many benefits such as: (i) reduced weight,
(ii) conservation of critical materials, (iii) reduced thermal and mechan-
ical damage to guns and (iv) consequentially reduced cost of gun systems
operations.

This development effort covers the design, fabrication, test and de-

livery to Eglin Air Force Base of 2500 non-metallic cased 25mm cartridges.

This program required the integration of several advanced state-of-the-
art concepts such as molded propellant charges, fully telescoped cartridge
configurations, and plastic banded projectiles into an optimized plastic
case to achieve maximum density and thus a minimuia ammunition envelope.
This section discusses the major technical consideration. in the design anc
development of the cartridge case,

The two major tasks in the program were the design and development of
the plastic cartridge case and the achievement of the desired ballistic
performance for the complete cartridge. In order to succeed in these
efforts, several design considerations were evaluated. Although satisfac-
tory cartridge performance was desired in a compatible single shot fixture,
it was assumed that, ultimately, the cartridge must be compatible with a
high rate-of-fire automatic gun. Therefore, a great deal of consideration
was given to the evaluation of design factors (Table 1) that represent this
more severe environment,
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TABLE 1 - DESIGN FACTOR CONSIDERATIONS

Cartridge Head
Chamber Clearance
Seal Interface
Cartridge Case
Wall Thickness
Length
Contour (Degree of base taper)
Extraction
Material

The brass cartridge case evolved as a practical solution to problems

encountered with repeating, breech-loading firearms. The typical cartridge
case must perform the following functions:

(a) Contain the propellant and ignitor in a package for
handling and environmental protection,

(b) Hold the projectile in proper relationship to the
propellant and ignitor,

(¢) Contain a means for propellant ignition (primer).
{d) Provide a breech secal.
(e) Provide a chamber seal,

(f) Provide an easy means of extracting spent cases and
misfires.

If any of these functions cannot be or are not performed by the cartridge
case, then they must be accomplished elsewhere in the gun system. For ex-
ample, caseless and consumable cased cartridges depend upon the gun mechanism
for breech and chamber sealing. Overall cartridge case requirements must be
coordinated with the gun design for final definition,

The plastic required for a cartridge case must be a tough, relatively
high modulus material, with a high glass transition temperature, a reasonably
large value of elongation at failure, a dense molecular packing, and a chem-
ically resistant polymer. The glass transition temperature identifies a
physical property ir amorphous and crystalline polymers where the material
undergoes a sharp change in mechanical properties. Below this temperature
the material is hard and brittle, but above it the material begins to scften ‘
and does not exhibit tensile strength,

It was felt that the structural problems associated with plastic car-
tridge cases would have development priority and other considerations such
as moisture vapor transmission, long term propellant compatibility, effects
of solvents, aging, et cetera, would not be evaluated at this time. It is
apparent that the solution of many of these long term problems may not be

P B R N /i
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| fully achievable with one material, It may be necessary to protect the

plastic structural substratum with other materials more resistant to the
effects of the enviromment.

The GAU-7/A program objectives, ballistic performances obtained, the
significant factors that induced unacceptable performance and the identified
problem areas were reviewed. The objectives were to demonstrate the feasi-
bility of a high rate of fire gun, using a 25mm telescoped caseless car-
tridge, over a temperature range of -659F to +1600F, to protect caseless
ammunition from the effects of humidity and to provide sbturation in the
gun, It was felt that the problem areas were due to changes in environ-
mental conditions and seal leakage in the gun. Associated changes in
internal free volume of the chamber resulting from thermal expansion were
calculated based on the GAU-7/A operational environments and determined
not to be of significant effect on the interior ballistic performance of the
cartridge. The humidity and gun associated factors were minimized through
the utilization of the plastic case and a new gun design that minimized
leakage. Changes in eavironmental temperature had the most significant
effect on ammunition performance because of the influence on the reaction

rate processes that control the shot start sequences of the telescoped pro-
jectile,

The single shot test fixture designed by the U.S, Army Armament
Command incorporated a unique breech concept developed by GATX under a 20mm
plastic cased ammunition development contract to the U.S. Air Force.

The results of the program demonstrated the feasibility of the plastic
cartridge case in a single shot fixture at ambient temperature and -65°F.

However, satisfactory ballistic performance was only obtained at ambient
conditions.
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SECTION II
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e

DESIGN DESCRIPTIONS

2,0 General,

- PEHCEPENE

N 4 The 25mm plastic cased telescoped round of ammunition, the cartridge
R : case, the forward chamber seal, the plastic primer, the single shot test
fixtures and the ballistic performance goals are described in this section.

2.1 Telescoped Plastic Cased Ammunition.

i The round configuration selected as a baseline was a GAU-7/A cartridge
il because of the technological base established and demonstrated in the

. GAU-7/A Program. The GAU-7/A cartridge was composed of a forward and an
aft charge of molded propellant, a nitrocellulose-mylar® projectile re-

B tainer, a nitrocellulose outer shell, a combustible primer and a 3000-grain,
?Q plastic banded projectile. The GAU-7/A cartridge is shown in Figure 1.

The plastic cased cartridge replaced the combustible outer shell with a

l
éz, plastic material and the combustible primer with a conventional metal primer
i as shown in Figure 2.

o i il

The dimensions of the GAU-7/A cartridge and the gun chamber were made
based on the conditions of a hot, moist cartridge and a chamber at -65°F. \
It was necessary that the cartridge chamber without damage. The maximum ' o
outside diameter of the combustible case was limited to 1.595 inches. A -
similar analysis with the plastic case indicated that the maximum diameter
could be increased by 0,020 inch and remain compatible with the GAU-7/A
chamber. This increase in diameter allowed a corresponding 0.020 inch
increase in the molded propellant charge diameters. The projectile tip
was positioned 0.1 inch from the forward end of the cartridge. This pro-
vided an aft charge length 0.2 inch greater than the GAU-7/A aft charge.
The increased dimensions of the charges resulted in a propellant charge
weight potential of 143 grams. This propellant weight resulted in a pro-
‘pellant charge-to-projectile mass ratio similar to the GAU-7/A ammunition,
The projectile was retained inside the cartridge with a composite washer
made from mylar ® and nitrocellulose paper or felt. The primer and booster
composition were contained in a caliber .32 pistol cartridge case that was
inserted in the head of the plastic cartridge case. Gun breech obturation
was provided by both the case and a plastic seal in the forward end of the
cartridge. The cartridge was crushed 0,050 inch in length during chambering
to minimize the annular spaces that exist at the chanber wall and to reduce
stress levels in the case that will occur from axial tension caused by bolt
deflection. The cartridge components are shown in Appendix A.

’_‘.

2.2 Plastic Cartridge Case,

The unusual designs of the ammunition and of the chambering and extrac-
tion features of the Rock Island Arsenal gun permitted a cartridge case
desigin (Figure 3) with a uniform wall thickness. As shown in Figure 4 the
molded propellant provided internal structural support and the telescoped
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projectile eliminated the cantilever loads normally encountered with con-
ventional cartridges.

e The most severe structural environment for the cartridge case exists
in the gun when the round fires, The body of the casc must rapidly expand .
to the chamber wall and provide a high pressure. gas seal against the cham- 5
ber. With conventional ammunition, this expansion must take place before
the projectile has left the case mouth or leakage will occur. Substantial
shot start resistance must, therefore, be maintained between the projectile
and case. mouth, or the pressure in the cartridge may release the projectile
¢ . before sealing occurs at the chamber wall, Premature gas leakage will

SO erode the chamber, bolt face and possibly damage the receiver.

I

The expansion of the cartridge case must take place quickly (usually
less than one millisecond) under a rapidly rising impulsive load
(30,000,000 psi per second is a typical value for brass cased ammunition).
Irregularities, density variations, strength variations, or section changes
concentrate the strain in the affected areas and may cause failure of the
casc wall or the head at the primer aperture, Whether or not a metal in-
sert to hold the primer is necessary depends on the firing pin interface,
the cartridge headspace, and the type of plastic in the case, Primer re-
tention fullures in plastic cases result from the low tensile strength and
modulus of the plastic, and from the low coefficient of friction between
plastic and the metal primer which provides an inadequate friction load to
hold the primer in place. If the headspace is too large, the primer may
blow out directly or the case head may crack starting at the primer hole.
These failures may be overcome either by providing a metal insert for the
primer area to accommodate primer staking and seating, or very close firing

pin support and minimum head space to minimize case head flexure and reduce
primer/case relative motion.

B e b i B s s st 5 5 i Bt T e e
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Both filled and unfilled thermoplastics were candidate case materials. [
The glass filled materials have adequate mechanical properties other than
5 being generally limited in elongation to approximately five percent at
: failure., Unfilled plastics have adequate elongation but inadequate tensilc
‘ strength. These properties directly affect the cartridge/chamber interface.

O PR P S

The chamber clearance problem is aggravated in automatic guns as a re-
sult of thermal expansion of the chamber and the necessary tolerances to
pemmit free working of the mechanism. The amount of clearance between case

. and chamber is a much more critical factor with a plastic case than with a
metal case, This clearance largely determines whether or not failures will
, occur in the case during firing. After firing, the case must be able to
oL quickly relax from the chamber wall to permit extraction. Too much clear-
; ance permits too much yield in the case and causes interference with the
chamber when the pressure decays. Three suppositions intensify this condi-
tion when plastic cases are used. These are:

o

P

i (a) Generally unfilled plastics display a large hysteresis
i when unloaded rapidly. The material returns to an inter- ]
' mediate state of deformation, relaxes and slowly creeps %




;.y.“—-“—:aix» Ceela

e o e b Db, VA0 S it B

e i LD e P = e MRS oz e e e, i d
R

e At

back to an unloaded configuration. The rate of
return and the final configuration depends upon
the percent elongation and the elastic limit of
the material.

(b) Lower value of restoration force requires that the
chamber pressure must ''blow down' to a lower value

before the case can begin to relax. This increases
its relaxation time.

(c) Hot gun chamber surfaces that result from heat conduction
through the receiver from hot gun. barrels will soften
the outer surface of a plastic cartridge case, causing
partial adhesion of the case to the chamber if a car-

tridge case were left in the chamber after a long firing
burst.

Such considerations strongly favor the glass or graphite filled thermo-
plastics or the thermosets with their higher modulus, higher heat distortion
temperature, and lower thermal conductivity,

.. The material selected as the baseline for performance compariscn was
Huls Nylon 12 with 33 percent glass fiber reinforcement. Each of the car-
tridges were injection molded by Irvine Plastic Inc., Downey, California.

A subcontract was awarded to DeBell and Richardson, Inc., Enfield,
Connecticut for designing and fabricating an injection mold for molding a

wide variety of plastic materials. The tooling was completed but contract

termination prevented its utilization, The materials planned for evaluation
included the following:

38% glass filled nylon 12 (Hils 1938)

50% glass reinforced nylon 12 (Thermofil ® N9-5000 FG)
40% glass reinforced nylon 12 (Thermofil ® N9-4000 FG)
49% glass reinforced nylon 6/12 (Thermofil ® N6-4900 FG)
43% glass reinforced nylon 6/12 (DuPont 77G43)

30% glass filled nylon 11 (Rilsan® ZM 30)

40 Shore D Hytrel ® (DuPont 4055)

55 Shore D Hytrel ® (DuPont 5525)

63 Shore D Hytrel ® (DuPont 6345)

Natural nylons 11, 12 and 6/12.

Note: For suppliers see Appendix B.
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A thermoset epoxy/glass fiber composite case shown in Figure 5 was also
evaluated. The cases were fabricated by filament winding technology de-
veloped at Brunswick's Lincoln, Nebraska plant. Tubes of the correct
diameter were fabricated three feet in length. Cases were machined from

t each of the tubes, Steel heads and seals were bonded with Reichold's
Epotuf ® 37-139 adhesive to each end of the case providing an assembly.

BEARE et ok i
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Both the injection molded thermoplastic and the epoxy/glass thermoset
cases were & minimum, reverse taper design to be compatible with a gun
extraction mechanism that functioned on either a push-out or push-through
principal. The push-out function ejects the cartridge from the same end
of the chamber as it was loaded and allows minimum wall taper to assist in
disengagement from the chamber wall amd provide cartridge orientation for
component assembly. The push-through principal ejects the cartridge from
the opposite end of the chamber similar to that used in the GAU-7/A system
and requires a minimum or no taper in the case wall,
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The tapered wall case for the push-out extraction principal has the
potential of fewer extraction difficulties. Provided the case wall is

i sufficiently stiff, a portion of the extraction stroke could be used to
; free a bound case from the chamber wall permitting relatively low extrac-
i tion forces. The straight or minimum taper case, on the other hand, would
if bound, require high extraction forces throughout the complete extraction
cycle. These forces would result in buckling of the case wall or failure
of the case head. The filament wound configuration has no taper and will
be compatible only with the push-through principle,

In either system, the telescoped molded propellant configuration offers
a significant reduction in the loads the case must bear during misfire ex-
traction compared to conventional ammunition., Although the loads imposed
are high due to the additional weight of projectile and propellant, the
compressive strength of the molded propellant will reinforce the case,
eliminating all but local deformation.
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2.2.1 Cartridge Head. The cartridge head was designed to support the

| firing pressure across the breech-to-chamber interface and to maintain the

' primer/ignitor integrity. The head exterior was a right circular cylinder

i geometry with a flat bottom and a relatively sharp outer corner and a
6.060 radius on the inside at the junction of the head base and case side-
wall., The exterior was shaped to facilitate gun breech support. Discon-

" tinuities, irregularities and changes in case head to wall thickness were
minimized to reduce localized strain and stress risers because the case
wall must move out to the chamber at firing, The wall is considerably less
stiff in hoop than is the head.

The effect of the gun interface is of critical importance in designirn
the head. The gun chamber and breech must provide as much support as
possible for the cartridge in this area. The location and width of the i
breech to chamber parting line must be selected commensurate with other ..:
requirements to provide the minimum width gap for the case to span. Thas
i parting line should be located and sized such that the minimum gap can b
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maintained under thermal growth of the gun and during receiver expansion
and elongation in firing. To the greatest extent possible, the gun breech
should provide line-of-contact support for the case head and the gun breech
firing pin gap should be inside the primer diameter. 'The Brunswick

Universal Gun and the Rock Island Arsenal Mann Barrel were designed with
these considerations in mind.

The filament wound cartridge case was tested initially with a metal
head, to be replaced with a molded glass reinforced thermoset head or an
injection molded thermoplastic head if initial tests warranted further in-
vestigation, In this assembly the body-to-head joint problem is partially

overcome by locating the joint in the case wall at an area of constant
cross section,

2.2.2 Ignitor Cartridge. The baseline cartridge concept utilized a
caliber .32 Smith § Wesson (S8W) long, rimmed, straight case to house the
ignitor and primer (Figure 6). This was necessary primarily to overcome
any primer retention problems in the initisl! stages while other areas of
the case and the cartridge ballistics were being evaluated., The primed
caliber .32 S&W cartridge case was housed by a relatively thin walled
shoulder in the plastic case head., The metal case was a light press fit
into this shoulder and seated flush with the head. The metal case was
retained and sealed at firing by gas preisure expanding the S&W cartridpe
against the plastic shoulder. After the general behavior of the plastic
cartridge case in firing was ascertained, it was planned that the S&W
cartridge would be replaced with a molded plastic primer.

2.2.3 Case Wall, The case wall must be of relatively constant cross
section to eliminate areas of high strain., Tapers were designed to be
small and gentle, Irregularities or discontinuities were avoided if at
all possible. A great deal of consideration was given to the phenomenon
of dynamic straining in designing the case wall, Theoretically, the case
wall should have a constant hoop and longitudinal stiffness throughout,
Any sudden change in the level of stiffness will concentrate the strain in
the weak area. Strains at firing may approach 100 percent at these dis-
continuities, resulting in failure. Discontinuitles in injection molded
parts include poor weld lines, flow orientation and areas of reinforcing
fiber concentration. Assembly discontinuities include spin and ultrasonic
weld lines, bond joints, and attachment points.

With telescoped ammunition, where the propellant is located forward of
the projectile, the projectile begins moving before any significant gas
pressure is applied at the case mouth. The pressure is in the rear portim
of the case near the head. Sealing is, therefore, facilitated if the case
wall in this area is a minimum thickness. Therel.re, a smail or zero tupt+
in wall thickness is preferred. For these reasons the initial Brunswick
case concept utilized a nearly constant wall thickness,

2.2.4 Case Mouth/Forward Seal. The design of a successful forward

seal was anticipated to be critical in the development of a fully telescoped
plastic cased cartridge. The seal configurations evaluated are illustrated

13
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in Figure 7 and the gun chamber interface is shown in Figure 8. Detailed
drawings are shown in Appendix A,

The forward seal must provide an initial low pressure seal against the
barrel face at shot start and a high pressure seal against the barrel face
and across the chamber/receiver parting line at peak chamber pressure., The
initial barrel face seal is necessary tu prevent gas leakage at low pressure

since the use of pressure drop to achieve the high pressure seal is pre-
cluded.

There are two possible ways of achieving an initial barrel face seal.
The first method is to mechanically bring ths cartridge and the seal into
contact with the barrel face (crush-up). The second method is to utilize
the shot start cycle of the telescoped round to affect the seal. It is
known that the front propellant charge will move forward and bear with
considerable force against the forward end of the cartridge when the igni-
tor fires, This is due to load transmission through the projectile re-
tention system and the build-up of pressure in the rear propellant charge.
Once a8 barrel face seal is achieved, the build-up of chamber pressure can
be utilized to hold the forward seal against the barrel face.

There must be some relative longitudinal motion betweesn the sealing
face of the forward seal and the cartridge case; the sealing face must
remain stationary against the barrel face while the case moves with the
elongation of the receiver. At the same time there must be no relative
radial movement between the seal and the case or ges leakage will occur
between the case and the radial sealing face. In addition, the longitudi-
nal movement of the seal must be restricted or it will become detached
from the case and fall out during extraction.

The forward seal may be placed outside (Figure 9) or inside (Figure 10)
the case mouth but must be mechanically attached in the longitudinal direc-
tion to the case wall, To effect a radial seal, the junction between the
seal ard the case vall must be maintained under the forces exerted by the
rising chauber pressurv. The configuration with the seal attached to the
outside of th> case requires tni. the case, when pressurized, carry the
seal to the chaiher wall. The concespt with the seal on the inside of the
cases requires thai the seal carry the case (» the chamber wall, Thie
mechanical movement requir.s that the seal material posse.s wechanical
properties that are similar to the case material. A stiff metal seal, for
example, would cause case failure at the seal junction, Metal seals were
not anticipated to be satisfactory but were evaluated for baseline compara.
tive purposes.

An alternate concept of seal positioning was evaluated. The mecha: su
was based on the early portion of the shot start cycle utilizing the io:r-
ward motion of the projectile to force the seal into position, The inside
diameter of the seal was smaller than the outside diameter of the projec-
tile to ensure that an interference condition would exist when the projiec-
tile enters the barrel. The concept is illustrated in Figure 11,
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2.2.5 Primer. Two types of primers were planned for evaluation,
These consisted of the conventional metal (boxer type) and a plastic con-
cept based on the GAU-7/A combustible primer. The metal primer size was
controlled by the primer cavity in the Smith § Wesson ignitor case. The
primers that were available were the small pistol, small rifle and magnum
small rifle., The metal primer construction is characterized by a metal
cup containing a primary explosive mix and an anvil. The primer functions
by a pinching action imposed by a firing pin impacting the cap and forcing

it to squeeze the primer mix against the anvil, The primer mix ignites
under the impact force.

A plastic primer was designed for test evaluations. The primer con-
figuration was based on the combustible primer technology developed in
the GAU-7/A program. The primer functions similarly to the metal primer
by squeezing the primer mix in a confined space. The primer shown in
Figure 12 was composed of an outer cup, a split wedge firing pin tip, an
anvil, a cover and a small quantity (100 milligrams) of primer mix FA 1061.
The mix was located between the firing pin tip and an aperture in the outer
cup. The aperture functioned as a flash hole to control the direction of
the primer flash into the ignitor booster cavity. A plastic firing pin
tip, modeled after the GAU-7/A firing pin, was positioned in the cup to
provide a 0.050 £ 0.010 inch standoff above the mix. The primer components
were machined from nylon 6/6 and Celcon® rod as shown in Figure 13. The
outer cup was dimensioned to fit into the aperture in the case head that

was provided for the caliber ,32 Smith & Wesson cartridge. The assembly
is shown in Figuve 14,

2.3 Single Shot Fixture Design.

2,3.1 Brunswick Universal Fixture, The Brunswick Universal Test Fix-
ture is shown in Figure 15. The fixture consists of yoke shaped receiver
vith threaded inserts at each end. The forward insert and the barrel
adaptor supports the barrel and the breech extender and the breech screw
provides movement of the breech to engage the chamber. The chamber is com-
pletely removed from the receiver to load a cartridge. The loaded chamber
is positioned in the receiver and aligned with the barrel and firing pin.
The breech screw is threaded forward to engage the chamber and exert a
compressive force against the barrel adaptor., The compressive load also
provides the desired crush-up of the cartridge case. The cartridge is
fired by a dynamic piston actuated hammer that impacts the firing pin. A
magnetic sensor recorded the impact of the primer., Piezometric pressure
transducoers recorded the pressure-time profiles at specific locations in
the fixture. Pressures can be racorded at the breech face, mid-chamber,
in the barrel six inches from the entrance cone and one inch from the
muzzle. The interior ballistic data was recorded on each test and utilized
to characterize the effects of components and their interaction muzzle
velocity. For test data see Appendix C.

2.3.2 Rock Island Arsenal Mann Barrel. The single shot test fixture
design selected for this evaluation was based on the sliding chamber siceve
concept developed by Rock Island Arsenal (RIA) for the AMCAWS 30 cartridec
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The fixture utilized the reverse taper of the cartridge for alignment with
the barrel, cartridge crush-up, and the obturation of the seal prior to
firing, The chamber/bolt interface is sealed by an automotive type valve
seat developed by GATX for a similar cartridge design under Contract No.
F08635-73-0-0003; AFATL-TR-73-220. The plastic case and the RIA gun pro-
vided a suitable test vehicle for the shot start studies planned. The
fixture is shown in Figure }6.

2.4 GAU-7/A Program Bxgerience

A review of the GAU-7/A ballistic performance results was conducted to
determine and establish the requirements for the plastic cased cartridge.
The problem areas encountered in the GAU-7/A program were; (i) humidity,
(11) high and low temperature exposure, (iii) thermal growth of the gun,
and (iv) seal obturation.

The ballistic results of the GAU-7/A program indicated that the case-
less cartridge was compatible with the gun dynamic environment and, with
the environmental conditions and with limitations imposed on temperature
and humidity, could meet the performance objectives, A revised performance
specification was suggested by Brunswick at the conclusion of the CAU-7/A
program with limitations on temperature and humidity as follows:

(a) Muzzle Velocity. The mean muzzle vélocity shall be
4000 * 388 feet/second from 50°F to 90°F, A minimum
of 65 percent of all rounds fired shall be above the

minimun specified velocity as indicated in the para-
graph below for temperature variations.

(b) Chamber Pressure. The mean chamber pressure plus 3
standard deviations shall not exceed 75,000 psi,
except at temperatures between +100°F and +160°F
where the individual chamber pressure shall not
exceed 75,000 psi, Individual round pressures of
less than 40,000 psi may be excluded in determining
% and o, except below 70°F,

(¢) Action Time, The mean action time shall be less than
14 milliseconds at any temperature and the individual
action time shall be less than 16 milliseconds at
temperatures greater than -40°F, For temperatures
above 80°F, the mean action time shall not exceed
10 milliseconds and the standard deviation shall not
excead 1.5 milliseconds.

(d) Temperature. The ammunition shall be capable of opera-

tion during and after exposure to the following condi-
tions:

(1) Storage Temperature: -809F to +160°F (protected
in shipping container)

26

U S U U I S O e

[ SRR T




g

g e %\

4 R
RN
N

[ /2

™ |

BOLY

FIRING PIN

L 1615+ n001mA

N
7
N
FIRING MECHANISM

S
\
U

27

Rock Island Arsenal Manmn Barrel

Figure 16.

B A B AL ot L RO WA




H (2) Feed Bay Temperature: -65°F to +160°F
g (24 hours continuous)

(3) Tunnel Temperature: -65°F to +160°F
(30 minutes continuous)

The anmunition muzzle velocity, after exposure to the
induced environment (temperature range -20°F to
+120°F), shall not be degraded more than 10 percent
from the low value specified in paragraph 2.4 (a).
MIL-STD-810B, Method 501, Procedure I, and
MIL-STD-810B, Method 502, Procedure I shall apply.
No velocity degradation shall occur due to storage
in the shipping container. Between -20°F and -65°F,
no individual round shall be below 2000 ft/sec. The
mean value for all rounds shall be above 2600 ft/sec.
Between 120°F and 160°F no individual round shall be
below 2500 ft/sec, The mean value for all rounds
shall be above 3000 ft/sec., Sixty-five percent of
all rounds will be above 3000 ft/sec,

(e) Humidity., The ammunition shall be capable of operation
- during and after exposure to relative humidity condi-
. tions, This excludes conditions wherein condensation
; occurs in and on the equipment, MIL-STD-810B, Method
i 507, Procedure V applies, five cycles only.

. The variabilities associated with the GAU-7/A ballistic
performance have been identified to be those factors
that affect the thermochemical properties of the pro-
pellant charges., These properties are related to the
ignition and combustion (reaction rate) processes that
control the interior ballistics of the telescoped car-
tridge. The portion of the ballistics that is the
: most sensitive to these factors is the shot start
i cycle. This cycle 1s a sequence of events that moves
the projectile to the barrel and ignites the propellant
charge. The sequence involves the interaction of several
rate dependent functions. These include the action of
the primer, the ignitor booster, the projectile retainer,
the projectile release, travel and barrel obturation,
band engraving, and propellant ignition. The factors
that have a significant effect on these functions are:
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(1) Temperature

P

(2) Humidity

(3] TI'ressure
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(4) Gun System Variables, These include chamber
seal leakage, barrel wear and growth and
chamber and receiver growth,

2.4,1 Temperature Effects. The temperature factor is the heating or
cooling of the cartridge which results from changes in environmental condi-
tions. The effect of changes in temperature is observed in rate control-
ling processes in the shot start sequence. These processes include the
function of the ignitor, the retainer, the engraving bard, and propellant
ignition. Elevated temperatures (120°F to 1600F) accelerate the ignitor's
reaction rate, ignition, retainer release, and the projectile engraving
process. Low temperatures (-65°F to 209F) retard these processes. The
control of these events is essential to controlling the projectile's travel
to the barrel, It is important that the projectile obturate the barrel
prior to propellant charge ignition (8000 psi) to prevent propellant from
entering the barrel ahead of the projectile. Retarding propellant ignition
at an elevated temperature but not a cold temperature is a major problem.

One adverse effact of elevated temperature (120°F to 160°F) on ballis-
tic performance is characterized as propellant blowby (PBB) and typically
results in low muzzle velocity (2000 fps), short action time (4.5 ms), and
moderatly high chamber pressures (45 kpsi).

Low temperature (20°F to -659F) produces entirely different ballistic
performance., The reduction of heat delays the ignition of the propellant
charge. The result can be an extended action time (14 msec), increased
muzzle velocity (4100 £fps), and increased chamber pressure (75 kpsi).

The effect of low engraving force band materials such as nylon has been
shown to induce an additional variation in performance at temperatures from
700F to -650F, This type band does not provide sufficient resistance to
projectile travel at engraving and the projectile continues into the barrc!.
The characteristic performance is a range in action times from 10 to 18
msec, low muzzle velocity (2000 fps), and low chamber pressure (20 kpsi).

2.4,2 Humidity Effects, Moisture levels up to 2,5 percent in the pro-
pellant charges have been observed to be beneficial in stabilizing the com-
bustion process, The effect is believed to be catalytic and, in reactions
involving black powder, the moisture yields a more complete decomposition,
However, moisture levels greater than 2.5 percent are detrimental to balli.-
tic performance because the heat of vaporization becuomes a controlling
factor in the ignition process, Additional energy and time are required to
evaporate the moisture and ignite the charge. The performance is similar
to the effect of low temperature except that hangfires and misfires can
result, The combined effect of humidity and low temperature further conpl:
cates the problem, resulting in hangfires and misfires,

2.4.3 Pressure Effects. Pressure is not an environmental factor Inr«
rather an internal factor that affects the shot start cycle. Pressure ..os
the primary role of moving the projectile to the barrel. It aulso has a
secondary role in controlling the ignition of the propellant. The
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propellant combustion (reaction rate) is pressure dependent in addition to
being temperature dependent. Pressures in the range of 5 kpsi to 7 kpsi
s are required to provide stable combustion. Factors in the cartridge and
P, gun that influence the rate of pressure rise will directly affect the
ok ballistic performance. The environmental factors of temperature and

! humidity affect pressure rise rate through the control of the reaction
rate. The engraving band affects projectile travel which is related to
pressure control by determining internal free volume. The seals in the
CAU-7/A gun have been shown to affect performance by allowing ignition
gas to escape. The effect of gas leakage is normally observed as an
increase in action time (21 msec) accompanied by propellant blowby pro-
ducing low muzzle velocity (3000 fps) and low chamber pressure (35 kpsi).

2.4,4 Gun System Variations. Gun system related problems were also
observed in multishot burst firings, Ballistic performance variations
(increased action times) were recorded that were not observed in single
shot firings. The difficulties were ldentified as thermal effects induced
in the gun by the combustible ammunition., The problem areas were:

(a) Chamber and Receiver Growth. The thermal growth of the
chamber and receiver was calculated based on a mass
average temperature of approximately 900°F, This
temperature was considered to be the highest that
would occur at the conclusion of a 1000-round burst
at full rate with air being forced down the hot
barrels. The chamber diameter was estimated to in-

i crease from 1.615 inches to 1,625 inches and the

: chamber length increased approximately 0.040 inch.

: These changes in chamber dimensions were not antici-

pated to significantly affect the ballistic performance.

The significant dimensional change, however, was ob-

served to occur in the gap between the chamber and the

! receiver. The thermal growth of the receiver was cal-

, culated to yield a gap that was 0.040 inch [reater

; than the nominal 0.020 inch gap at ambient temperature,

: This increased gap affected the gun chamber seal obtu-

ration and the ballistic performance.

TN et BT LR R

3 ‘ (b) Seal Leakage. Gun seals were incorporated at each end
: i of the chamber to obturate with the barrel at one end
of the chamber and with the receiver at the other end.
; , The seals were captured but could expand radially and
: move longitudinally to the chamber. Seal motion and
closing depended entirely on pressure generated by the
combustible ammunition., A gas leak existed until the
local pressure reached 8000 psi, A seal requiring
8000 psi for complete obturation indicates that a
variable gas leak will exist for the duration of the
shot start cycle. 'The radial expansion ¢. the seal
provided a gas seal in the seal cavity and the longi-
: tudinal seal movement compensated for tolerance
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differences between gun chambers and the receiver.
The longitudinal distance the seal moved was a
ﬁ ~ function of chamber, receiver, and seal temperatures
A as well as initial clearances due to tolerancing.
N Because of significant differences in mass and heat
by flux, the seal, chamber, and receiver did not heat
- ) and expand in consonance with one another, and seal

' performance varied correspondingly during a burst of
2 150 rounds.

- ‘ The ignitor components of the shot start cycle will

k- tolerate small changes in leak rates but, because

- their thermochemical properties are pressure depen-
i : dent, seals that fail to close have a significant
g influence on ballistic performance, A leaking seal
will produce the category of performance known as
delayed ignition accompanied by propellant blowby
with action times up to and exceeding 21 milliseconds,

(c¢) Barrel Wear and Growth., The effect of barrel wear and
diametrical thermal expansion of the entrance cone
has a direct influence on the projectile engraving
properties. Variations in the projectile position
will affect the free volume and the propellant igni-
tion process. Barrel wear and growth will result in
increased and variable action time (8 to 14 msec),
decreased and variable muzzle velocity (3500 fps to
2500 fps) accompanied by variable chamber pressures
(45 kpsi to 25 kpsi). The magnitude of the performance
degradation will depend on the engraving loads which
in turn depend on the geometry and material of the ro-
tating band and the barrel's internal geometry. Varia-
tions due to thermal growth will be more significant
in rapid firing gun systems,
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SECTION III
DEVELOPMENTAL TESTING

3.1 Background.

The results of the GAU-7/A Phase IV ammunition development program
identified the major problem areas associated with the ballistic perfor-
mance, These areas were the environmental conditions of humidity at the
tomparature extremes of -65°F and 160°F and the multishot gun variables
associnted with thermal growth and leaking chamber seals, It was believed

that solutions to these problems could be achieved through design changes bé'
in both the cartridge and the gun. :

The replacement of the GAU-7/A combustible case with a plastic case [
eliminates a temperature and humidity sensitive component from the shot '
start cycle, The plastic case will not provide a molsture-proof cartridge
but resistance to the humidity environment will be improved. The plastic

cese will reduce thermal heating of the chamber that will result in closer
dimensional tolerances which will improve the chamber/barrel seal interface ?
significantly, The replacement of the combustible primer with a conven-

tional metal primer will eliminate the need for firing pin seals and pre-
vent pin tip erosion, The metal flush tube that supports the primer and

houses the ignitor charge will provide directional control of the ignitor
gases that was not possible in the GAU-7/A cartridge.

The incorporation of a chamber seal in the cartridge ensures that the
gas seal at the chamber/barrel interface is positioned prior to firing,
The ability to seal the chamber independently of pressure eliminates the
most significant GAU-7/A gun variable., The cartridge seal provides chamber
obturation similar to the technique utilized in conventional cased ammuni-
tion, The elimination of the variable seal leakage rate will permit shot
start studies to be conducted under more controlled conditions,

3.2 Development Test Plan,

Tho test plan was directed at establishing the cartridge configuration
for the 2500 rounds of deliverable ammunition. The specific areas to be
evaluated were the ignition (booster) charge, the molded propellant charge,
the cartridge case material, and the cartridge seal design configuration
and material., Five hundred Munn burrel tests were planned to observe the
effects of temperature, humidity, propellant and hazard environmental ex-
posure on the ballistic performance of the cartridge., The baseline car-
tridge configuration selected for these studies consisted of the forward
charge; aft charge and a nitrocellulose retainer. The component changes
were minimized to keep the number of variables as small as possible. The
component variables that were permitted to change were (i) the propellant
relative quickness and charge weight, (ii) the booster composition, (1ii)
granulution, and charge weight, (iv) the primer type, (v) the cartridge
case material, and (vi) the cartridpge seal configuration and material.

32




3.3 Component Evaluations.

3.3.1 Propellant Charge. The propellant charges evaluated were
fabricated from GAU-7/A propellant lots 5479, 5473, 5472, 5463, and 544C
. from Canadian Industries Limited (CIL) and 8446-9 and 8472-1 from E. I.
duPont de Nemours and Co., Inc. The relative quickness (RQ) of these
lots ranged from 90 percent to 104 percent of the GAU-7/A standard pro-
pellant, CIL lot 5425, The propellant charge weights ranged from 126 grams
to 143 grams. The average aft charge weight was 45 grams for all the tests,

R i ercanrond e AL

i - Ballistic tests (See Appendix C, Test Serial Nos. 1, 2, 3, 4, 8, 9,

g ' and 10 (55 rounds]) were utilized to establish the propellant charge re-

quirements, The test series resulted in a complete spectrum of ballistic

u performance from high pressure stop mode to low pressure blowby behavior.

: Stop mode behavior is defined as occurring when a rapid ignitor propels

; the projectile disproportionately faster than it ignites the propellant,

] causing the engraving resistance of the barrel to stop the projectile
momentarily until a pressure rise created by further flame speed can again

accelerate the projectile. Low pressure blowby is a condition of under-

ignition which accelerates the projectile so slowly that gas reaches the

barrel shead of the projectile., The results of the tests indicated that

several combinations of charge RQ and weight would meet the GAU-7/A per-

formance specification at ambient conditions. For example, the ballistic

perfornance of a 104 RQ charge at a weight of 126 grams was similar to the

performance of a 95 RQ charge at a 136-gram weight. The significant dif-

ferences were observed in the ballistic action times, with the shorter

time (4.5 to 6.5 ms) associated with the 104 RQ propellant. The occurrence

of blowby performance was observed to be 60 percent greater with the 104 RQ

propellant than with the lower RQ propellant. GAU-7/A experience demon-

strated that increased cycle times occurred at low temperatures with low

RQ propeliant and that increased muzzle velocity variations would result

at elevated temperatures with high RQ propellant, A compromise charge wa<

selected to assure as wide an operational temperature range as possible.

The baseline propellant charge was established to have a relative quickness

at 98 ¢ 2 percent and an average charge weight of 130 £ 2 grams. The

anticipated GAU-7/A performance goal could be achieved but action times

would range from 7 to 10 milliseconds. The results of thc ten best tests

utilizing baseline components are shown in Table 2.

TABLE 2 - TEN BEST TEST RESULTS

i ' Chamber Muzzle Muzzle Action
; ' Pressure Pressure Velocity Time
(KPSI) (KPSI) (FPS) (MS)
x 55 7.0 3890 )
g 5.3 0.9 140 1.7

A typical pressure-time record is shown in Figure 17.
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3.3.2 Ignitor. The ignitor compositions selected for evaluation were
based on their performance in the GAU-7/A program and recommended for
continued evaluation. These materials included black powder Class 3 and
Class 6; Flare Northern's Titanium-barium nitrate; and McCormick Selphs'’
compositions 300432 and 300439, The charge weights of each material
could range from 0.1 gram to 1.5 grams depending upon the granulation
and purposes of the ballistic test. Vendors are listed in Appendix B.

Ballistic tests (See Appendix C, Test Serial Nos. 1, 2, 3, 4, 5, and
15 [44 rounds]) were conducted to establish the baseline ignitor. The
energetic ignitors that were successful in the GAU-7/A program did not
perform successfully because of the absence of the gun seal leak, These
ignitors were represented by the Flare Northern and the McCormick Selph
materials. Test results demonstrated that the cartridge was less sensi-
tive to small changes (0.05 gram) in ignitor charge weight when blark
powder was ~&d, The baseline ignitor charge weight selected was
0.75 £ 0.05 gram of Class 3 black powder.

3.3.3 Primer.

3.3.3.1 Plastic Frimer. The devclopment of the plastic primer was
limited to ball drop sc.sitivity test evaluations because the Brunswick
Universal Test Fixture was not capable of delivering the required impact
energy and the Rock Island Gun was not fabricated at that time in the pro-
gram.

A standard ball drop test apparatus was used to evaluate primer designs
and determine the initiation energy. An illustration of the ball and the
primer simple test tool is shown in Figure 18. The ball drop plastic
primer test hardware dimensions are shown in Figure 19, The primer cemjo-
nents were designed for ease of manufacture and for convenience in evaluat-
ing the critical variables associated with initiation energy, primer nix
composition thickness and cup dimensions. No attempt was made to retain
the firing pin or to recess the primer in the case. The results of the
evaluation demonstrated that a plastic primer would withstand the primrer
mix explosion and provide directional control of the output jet of gas.
The initial energy was shown to be dependent on the anvil hardness, mix
thickness, and firing pin travel distance. The anvil material sclected
was nylo: 6/12, 43 percent glass, the primer mix thickness was 0.010 inch
to 0.025 inch, and the firing pin tip minimum standoff was determined to
be 0.050 inch. The plastic primer demonstrated that the initiation ener.y
at ambient conditions was 250 inch-ounces. A minimum hardness value for
the anvil and pin tip were selected at a Shore D of 84,

3.3.3.2 Metal Primer. The initial gun firing tes were conduct-d
with caliber .32 Smith and Wesson brass cartridges. Thesz cartridges con-
tained pistol primers. The gun tests showed repeated occurrence:. of pr mer
cap perforation. To eliminate the hole in the cap, small rifle priver:
were evaluated. Two energy levels were selected - the stuil d ~mall - fle
primer and the magnum small rifle primer. Both rifle primers weie manu
factured by Cascade Cartridge, Inc. (CCI) and were identified as No. 40¢
and No. 450 M, respectively,
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Fifteen rounds (See Appendix C, Test Serial No. 19) were tested to
compare the performances of the two types of rifle primers with the pistol
primer. The results of the tests indicated that there was no significant
difference between the pistol and the small rifle primers. Increased per-
furmance variability was observed with the magnum primer. Based on these

results, the small rifle primer was selected for the baseline cartridge
and used in all subsequent tests.

3.3.4 Cartridge Case, Four cartridge case material formulations were
evaluated in the ballistic environment. Three materials were injection
molded from 33 percent glass filled nylon 12 (Huls 1938) and 43 percent
glass reinforced nylon 6/12 (PuPont 77G43). The fourth material was an
epoxy glass filament thermoset. The case materials were evaluated con-
currently with the studies to establish the propellant charge, the ignitor,
the primer and the seal, The results of 133 cases evaluated at ambient

conditions and 30 cases at -65°F can be found in Appendix C, Test Serial
Numbers 1 thru 19,inclusive.

The results of the ballistic test evaluations indicated that the DuPont
77G43 cases had a greater tendency to fail by cracking than did the Huls
material, A typical case failure is shown in Figure 20. The crack can be
observed to proceed across the case head and longitudinally down the case
side wall. The charred white areas adjacent to the crack represent the gas
flow path, The gas flow was restricted to the vicinity of the crack be-
cause the remaining surface of the case obturated the gun chamber. The
impression observed in the case head was & result of the plugged breech
pressure aperture, The case did not fail at this point.

The mechanism of the case failure was determined by cross sectioning
several of the failed cases. The crack was observed to originate at loca-
tion "A" at the interface between the caliber .32 Smith and Wesson (S8W)
cartridge and the open end of the shoulder supporting the cartridge in the
case head, The failure is shown pictorially in Rigure 21. It should be
noted that the expanded portion of the S&W cartridge secures the cartridge
to the plastic case to prevent separation after firing. The figure also

shows the extension of the plastic shoulder past the thick portion of the
SEW cartridge head.

Am improved design of the plastic case head (shown in Figure 22) would
limit the plastic shoulder interface and still provide the lock-in feature
desired. This modification was not evaluated but the concept is recommended
for a re-evaluation of the DuPont 77G43 case material. It is believed that

the DuPont cases will be compatible with the ballistic environment with
this design modification.

Cartridge cases (See Appendix C, Test Serial Nos. 1, 2, 3, 4, 5, 10,
11, 12, 15, 16, 17, 18, and 19) made from Huls 1933 and 1938 materials
were demonstrated to respond satisfactorily to the ballistic environment
at ambient tempcrature and at -65°F. Several cases were exposed to peak
chamber pressures in excess of 100,000 psi, No cracks were observed in
any of the tests and cach of the cases was extracted without difficulty
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Figure 20,

Typical DuPont 77G43 Case Failure
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from the gun chamber. Cases of each material were evalusted in the uni-
versal test fixture, Typical Huls 1938 cases before and after ballistic
expogure are shown in Figures 23 and 24, respectively, The cartridge

cuse bohavior in Figure 24 was typical for peak chamber pressures up to
3,000 psi, Peak pressures in excess of 80,000 psi would result in plastic
Llow of the seal into the gap at the chamber/barrel interface as shown in
Figure 25. The Huls 1938 material was demonstrated to be compatible with ]
the ballistic environment at -65°F as shown in Figure 26, Based on the <
results of these evaluations and the supply of the raw resin material, 3
Huls 1938 was selected as the case material for the delivery ammunition,

Cartridge case crush-up oxperiments were conducted to evaluate the
effect on case performance, Cartridges were fabricated to chamber length
(6.055 inches) and in 0,025 inch increments longer than the chamber up to
0.1 inch. The cartridges were placed in the universal test fixture and
crushed by threading in the breech until the breech engaged the chamber,
The cartridges were fired and the cuses extracted for examination. The
cases that were 0,075 to 0.1 inch longer than the chamber cracked at the
base corner during crush-up., The crack provided a gas leak in the ballis- :
tic cycle that resulted in a burn on the chamber face and charring of the |
outer surfaces of the case (Figure 27), The cartridges that were chamber
length did not obturate at the forwurd end and combustion gases charred ]
the exterior of the case and eroded the seal (Figure 28), Satisfactory ‘
chamber obturation was achieved with crush-up distances of between 0,025
inch and 0,050 inch. The crush-up distance selected for the baseline
cartridge was 0,040 £ 0,010 inch.

Limited testing was performed with the epoxy/glass cases shown in
Figure 29. The ballistic performance data was very uniform but extraction
from the gun was complicated by the over~stressed steel head and seal. The
thermoset material appeared to functlon without damage. The tests were dis-
qualified because of the gas leak at the head/case and seal/case interfaces.
The cases were fabricated to be chamber length (6.055 inches), There was
no crush-up force exerted on the cartridge. The average of two ballistic
performance tests results are shown below:

Chamber Muzzle Muzzle Cycle

Pressure Pressure Velocity Time

(KPSI) (KPSI) (FPS) (MS)
48 6.2 3529 4,8

The uniform ballistic performance was determined to be the result of
the projectile impacting the metal seal and simulating the high engraving
loads normally obsorved with copper banded projectiles. The abrupt de-
celer: Lion of the projectile is normally sufficient to trigger the pro-
pellant ignition and the subsequent events that evolve into a desirable
ballistic cycle.




Figure 23, Hiils 1938 Cases Before Firing
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3.3.5 Chamber Seals. The chomber scal invostigation orviginated with
metal seals made from steel and brass, Ballistic performance with the
sculs demonstrated significant improvement and reduced variution when com-
pared to tests without seals or where scals failed to obturate the chamber.
The ballistic results of tests with and without secals are shown in Fipure
30. The performance is compared to GAU-7/A lot acceptance data,

The two seal tests shown were made with identical charge components,
The only difference was with chamber seul. The parumeters that reflected
the seal performance were muzzle velccity and the variation in velocity.
The reduction in ballistic action time from 5.3 to 4.5 milliseconds was
the result of an over-ignition condition that cxisted as u result of a
sudden reduction in the rate of volume increase when the projectile im-
pacted the seal, The deformation is shown in Figure 31 with a brass
washer seal, The seal configuration before the test is shown adjacent to
the cartridge. In all tests of this type the projectile was damaged and
the rotating band was torn away on one side. In addition to the damage
to the projectiles, the motal seals wore difficult to bond to the cases
and the cases failed at the scal interface hecause of the large dxfferenaes
in mechunical properties between the two materials,

It was determined that pl.stic seals with mechanical properties that
were similar to the cuase material would be desirable candidates as sub-
stitutes for the metal seals. Several plastic matorials were selected
for evaluation. The materials were machined from solid rod or flat sheets
into three geometric shapes, The cross section selected was in the form
of a triangle as shown in Figure 32 and in Appendix A.

The materials selected were cast nylon, acetal copolymer (Celancse
Celcon®), nylon 6/6 (DuPont Zytel® 151), 43 percent glass reinforced
nylon 6/12 (DuPont IZytel® 77G43), acrylonlitrile-butadiene-styrenc (Borg-
Warner, Cycopac @) 'and a polyamide-imide (Amoco, Torlon® 4203). The
nylon seals were solvent bonded to the nylon case with m-cresol containing
ten percent by weight Zytel ® 77043 resin. The non-nylon seals were adhe-
sive bonded with Pliobond® 20, The cartridge cases were evaluated with
a 0,050 inch crush-up. The cartridges were fired and the cuses were re-
moved from the gun for examination. The seals that were made from nylon
und bonded to the casc with m-cresol were superior to the other material
candidates. Seals failed as a result of weak bond (Figure 33) joints,
configuration, or material properties. The cast nylon seals werc eroded
by the combustion gas and could not be examined. The acetal was also
croded and gave evidence of an early gas leak by the chuarred case (Figure
28). The section of the seal remaining was thermally welded to the case.
The ABS and the polyamide-imide seal obturated the chamber satisfactorily
but the senl was not bonded to the case subsequent to the firing and the
senl failed. Ten percent of the Zytel @ 77043 seals cracked due to in-
sufficient elongation (Figure 34), The Zytel® 151 seal was satisfactory
in all tests and was selected for the baseline cartridge. The triangle
seal geometry was demonstrated to be most compatible tou the ballistic
environment and that configuration was sclected for the delivery ammuni-
tion,
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Figure 31, Brass Seal Impacted by Projectile
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The interference seal/projectile concept was evalunted hecause of the
metal seal ballistic results, Celcon® was selected for this evaluution
bocause of its high impact toughness. The seal failed to obturate in the
early part of the ballistic cycle because of a poor caso bond and the
tests were inconclusive. A repeat study is recommended with & nylon ma-

. terial,

3.3.6 Cartridge Closure, A 3M Company hoat'senléble'aiuminizcd poly-

‘ethylene terephthalate-polyethylene luminated' £ilm' (Scotch-Pak® 20) was

¢valuated as a closure with the cartridges subjected to -65°F, The un-
supported portion of the closure becameé concave during the cold exposure,
indicating a reduced pressure was maintained inside the case. The closure
did not appear to interfere with the hallistic performance and no dabris
was observed downrange. This material was. selected in u J.5-mil thickness
for the delivery ammunition, .
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SECTION IV
CONCLUSIONS AND RECOMMENDATIONS

4.1 Conclusions.

(a) The fbasibility of a plastic cartridﬁe case utilizing molded
T _ propellants and a telescoped projectile has been demon-
strated successfully at ambient conditions and at -65°F.

(b) Bxperimental investigations have shown that the cartridge case
will withstand peak chamber pressures greater than 100,000
psi and extract from the gun chamber without difficulty.

(¢) The feasibility of an all plastic primer has been demonstrated,

(d) The chamber seal has been observed to have a significant effect
on ballistic performance and a compatible plastic seal has

been demonstrated successfully at peak chamber pressures up
to 80,000 psi.

fo . o (e) The manufacturing feasibility of a zero draft, injection molded
o case has been demonstrated successfully,

(f) The plastic case provides the potential to minimize the ballis-
tic performance deficiencies of the GAU-7/A program.

LT TR

(g) The feasibility of a push-through or push-out cartridge case

ejection has been succesafully demonstrated in a single shot
fixture. -

(h) The cartridge case and seal materials that were demonstrater
to be most compatible to the ballistic environment were

Huls® 38 percent glass filled nylon 12 and DuPont Zytel ®
151 (nylon 6/6).

4,2 Recommendations For Follow-on-Work.

(a) Ballistic development of the shot start cycle to minimize the
temperature dependence of the ammunition,

(b) Establish the cartridge configuration to comply with the
GAU-7/A performance requirements.

(c) Determine, by test, the ballistic performance over the tenpora-
ture range of -65°F to 160°F.
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(d) Develop an automatic test fixture to provide multishot
environments,

(e) Demonstrate plastic case compatibility to feed, fire and
extract from a rapid fire fixture,

{f) Determine the maximum rate of fire that is feasible for the
zero draft plastic cartridge.

(8) Re-evaluate DuPont's Glass Reinforced Nylon 6/12 cartridge

cases with the improved ignitor interface design,
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APPENDIX A
25mm PLASTIC CARTRIDGE ASSEMBLY AND A/AF 25mm ASSEMBLY (GUN) DRAWINGS ’
Figure _ Title A 
A-1 25mn  Plastic Cartridge Assembly . ﬁ.
A-2 © 25mm GAU-7/A Projectile (3000 Grain, Plastic Band) g
A3 Projectile 23mm (TP) Plastic Band )
A-4 25mm Plastic Case
: A-5 Projectile Retainer
A-6 Molded Propellant Charges
A7 25mm Plastic Case Seal, Model A
A-8 25mm Plastic Case Seal, Model B
A-9 25mn Plastic Case Seal, Model C
A-10 A/AF 25nmm  Assembly ,
A-11 Barrel, 73F40044MP ‘
A-12 Pin, Firing, 74B40221 L
A-13 Striker, 74C40222 -@
A-14 Bolt, 74D40223 . i
A-15 Chamber, 74D40224 s
A-16 Bill, Bottom, 74C40225 B
A-17 Bill, Top, 74C40226 . :
A-18 Spring, Helical, 74B40239 @
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Figure A-2, 25mm GAU-7/A Projectile (3000 Grain, Plastic Band)
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Figure A-7. 25mm Plastic Case Seal, Model A
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